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Standard Practice for 


Ultrasonic Testing of Goomembranes' 


1, Scope 


1.1 This practice provides a summary of equipment ani 
procedures for uror tesmg of eumemtranes use ie 
pole echo method 


12 Ulinsonic wave propagation n solid materials i coer 
Jue vo physical and mecharical poetis and condition ol 
the erbe. Ds ultrasonic testing, two wave propagation 
chanerisies ae commonly determined: velocity (based ai 
‘wave ways ime meanurementy and atcnwaten (biscd on 
‘wave amplitude measurement). Vebeity of wave propagation 
nwo stermine tcknem densi, andes proportion of 
‘material, Auemation of waves in solid materi i used t» 
"teme: micrenmvotenl properuee of the materiale, 1 
‘ion, Fequorey characterises of waves ar amazed v» 
imveigate the properies of aust maeral Travel time. 
ample, and requency disribuin measurements ae usd 
"o sess fe condition of materials to entity damege anl 
"efi in old materia, Ultasonic measurements ac uscd t» 
"htemine ihe ate of mateilsimedia in contact with a est 
Specimen is wel. Mesurements ae conducted in th time 
donuin (tine versus amplitde) ef frequency-domain (i- 
‘gency venus amplius). 

13 Measurements fone or more linsonic wave tnnamis 
sion characteris are made ase othe equiement of tc 
speci testing program. 

4 The valus std in SI units are to be rganded ex 
Standard, No oller nits of measurement arc inca i hss 
standard, 

15 Thx tandand does nt purpor to addr ai of ho 
sues concerns, if am, axoclatel ith 15 ase, Iis the 
esponsibility ofthe usr of his standard ro esublish appn- 
rie safer, heath, and environmental practices and deter 
in the apical of reguaror imitations rior t use. 

T This iervational standard was developed i accor 
dnce with internationally recognized principles on sundan 
inti nalis im he Decision om Principles for e 
Development of inerneional Standards, Guides and Recon 


resti eie the Worl Tre Oeics Teal 
Barrie to Tale (BT) Conmite 


2, Referencid Documents 


2L ASTM Stamdanl* 

4354 Prat for Sampling of Geosyntbetics and Roll 
Erosion Cont Products (BECP) for Testing 

A4 Praice hr Nondestetive Testing (NUT) for De 
eminin the Integr o Scams Used Joining Flevible 
Prlymer Sbest Germentranes 

DASS Pradice for Daermining We Ingrty of Fastory 
Sams Used ia Johing Manulituri Fleie Sheet 
Geomenbranes (Vita 200) 

ABKS Test Metod for Dersiy of Polyethylene by the 
‘Unrsound Technique 

EISIS Terninolery for Nondbstsive Esaninaions 


3 Terminology 

31 Defitions 

LE amenpbere for ting permambraes, iir maine 
ined aa relative umiy o 30 10 70 2 nda temperature 
IPC 

342 geomembrene, at esentlyimpermesbe geosyn- 
tele vompored of onc c ire yis dieci 

3403 For definitions of tem telat o uirasnic tein. 
rele ta Teminolugy E116, 


4. Summary of Practice 

41 Mechanical saos aro ntduced to à gsomembrane 
from a surface of te maerial sing an ulinsonic transducer 
Tranuisioncharcorie of the wate in the peomambrana 
ame icermined, The measure! charctrsies anc usa lo 


proper imd ioca of geomet 


CE — 
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5. Significance and Use 
S1 This practice covers let arangements, meastrem 


echsiques sampling method and caleulstions io be ase for 
mondestcise criliatiw af geomairanes usme wasn 
tesiog 


52 Wave velocity may be establisied for peciculr 
geonembnnes (for specie Telvmer Dye, speci 
Formulation, spes desi). Rehtionlips nay he esa 
shed hetvcon vloctyand bh density and tensile properties 
Of geomeniranes An example ofthe ase of rzsnd fr 
‘dtemining density wf polvenylene is presened m Test 
Method Duss Velocity mesureients muy be used t dete 
‘mine thickness of geomembrancs (1, 21) Trvel tine anl 
Sonditon c geomembrane and to entity defects n geome 
Inner” defects (for example, diseentinuties within 
ff gsomenbrans (for example, pho) (à, 4). Dondine 
Between seomenbnine ihe can he evant wein tate 
"ime veloc, or impelonce measuemieas for seam asses 
"mem (8-10. Examples of the use of ultrasonic sing for 
"temimine Ihe inter ol eld sd cory sms Inoue 

vel time and velocity menrcments (relin: in tikes 
eaurements) ae presente in Prices DAZ3T and DASas, 


Transducer 
Spacer 


Geomembrane 


mio. uo ing diei inl uel 
iata scum» in preibricati bimimors gexec, 
inthe fed (Ieri of geementeanes may lx montre 
tme using leni neasuromeno 
53 The method is applicable o testing boh in the laor 

tory and inthe Hie foc parent material and seams. Tbe test 
furans. are vert shot us wave transmisslen through 
eomenbranes eens win microseconds, 


6 Apparatus 


{6.1 The test equipment consis of single ronsducer both 
"clades amplifier and ters for noe seduction, clectunic. 
cuis to mvasure and cen weavers o meis wa 
Wawel time to measure wave ampides, and to play 
reeeived signs: ccn cinsiiry 1 time and synchronize 
til inerumest funcione. and commeting cables, The fest, 
sppurausissbown in Fig. 


162 Pierocicii transducers are eíctiv for wave tans- 
serine. Congresos veros een, lentil wives) 
‘hal te sed Tor lnasonis testing of geomenranes. A spacer 
‘hall e ned t nri ond rear vrfoce relin ani n 
tliminate new feld elects for accum mesremet o ur 

sonic wave propastion characerstics n geomebrans, A 


Pulse Receiver 


Pulse Generate 


Time Measurement 


Signal Display 


FE car tunon che mtn 
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plac spacer has bees found w he eetive for punmen. 
"res. The thickness f the pacer dall eat east twice the 
thickness ofthe est spesinen Te theknes ofthe spacer shall, 
be ky thin five (0 den mer the thickness of e det 
aeomembvane, For using geonembrnes with varios 
"lickneses, ace the mates! wih tho Tago thick for 
Selection «f he thickness of the sucer. The sucer shall Be 
"anducer to ensure Gul the waveform generated s fuly 
"rans to the test specimen though he spuer Th eater 
frequency ofthe rnsdacer sal bebetween | nd 20 MHz i 
10 MHz wansducer hus been found to be elfectve). Focused 
"ransduces salle use for extured geomembranes tc eme 
mesuremets are made ever esentally s "poit on the tet 
teal Other meine may aho fe uei (f ghey 
amechnieu waves can be generated with ese devices 


463 Pul generator all erertepoles o electicalenergy 
that activae the vansducer Pulse thal gente spike or 
square Wane Typo Vokage pues have been found (à be 
fev for esthg geomerbrane, 


£64 Thereceiver shal amply an ie the signal recived 
by the trimer after the waves have om trimmed 
throwgh atest specimer. 

{65 Elotroniecireuiy shall ho wad to moan tan tie 
of waves in a tst specimen. The eicuity stall allow for 
"Rotominaten of ays ines wih a prison aqeal to ce beter 
‘han 0.1 ye. I atenution and anplinde measurements ac 
‘desi jsrumentation sal eset econ he wane 
ecce fom a test materi, The crcuty stall albw for 
deteminaton of ampiitades witha precision equal t ve beter 
than T mV Elecronicciculzy may also be wed to display 
received simal. Analog 1o Digital converters and compute 
ned signal acquisition and analysis setups have been found t 
be fective for testing scomembraes 


5 Electronic circuiry sl be ved w time and synchro 
size all inseurent urstions to eliminate uncrtinty n die 
oteminaton of wave ramil times 


57 TheoppariusFaed hes ac hoon und he feci 
or testing genmanbrass. Utrasoni testing of matraly i 
\welhesahtshe ed and other types of devices may also be 
‘sed for testing geomembranes. Details for various ist a- 
unpemens and examples devices prducel by varios 
"manafactuers are aval in(12). Effectiveness of aerate 
devices shall be demonstrated prc to eit caine ue for 
sonmembrines 


7. Materials 


741A coupling ager stall be usc t ensure good cont 
between the transducer and test specimen. Coupling agens. 
Include war, commercial uleasoni couplants, ol perolcun. 
jelly grease slycrin, propylene clycol orothe visco Tui 
ater has teen used effectively on fat surfaces. More visco 
mate y be usd on nied sulcis 


3 Sampling and Test Specimens 
1 Use Practise DA3S4 c sampling peomembrans. 


rias te Ctm yn 


2 Test specimens soll be ct such that diste grater 
^on tn ns the ikoess wf he specimen sl hc lef 
encor the vansdocer and t edges ofthe pocimen in every 
inccr 


3 In lo testing, messurements sal e akonat locations 
it anata dance preter tae te ties the tckness «f ne 
specimen fiom te edges of the geonembane shot in any 
pun 

34 Seam inspextion tests may be conducted st Jocatons 
ser tothe edge oF geomemtranes than spectied n 3 
Eretieness ofthe near edge measurement shall he denn 
sisted prio o er ate usc to erste Wat pose edge 
‘efectos de no inae with meisrements trough the 
thickness of geomenbras, 


8, Callbratien 


9.1 The electronic equpmen shall be carae to ensure 
ieu delarinaion of th init tne. Chalon bie or 
Mocks with inown thickreses and wave transmision voc 
fex dll he axed or caliation procedures 


10, Cunditoning 


101 For baseline messurements (or example, meaure- 
ment used in estbish baselive ultrsonie property or a 
Tatcuar gearnembrane), specimens shall te exposed othe 
Standantatmospher for testing geomembranes for à period 
Sufficient to mach moeture amd temperaure spiliium 
Expose for 24 has been found to e ftiv fr reading. 
limum. 


2 Tecan be cmd af unos P 
rr E or pr 
ipiis Pere RE ee 
en lt eth leprae qii 
eurn emiten Cr c ts sl betel 
VERTU PETER DANCE EEUU ma MS. 
eg eiue Ctm fete dtd y 
Sing Geteconms ti aes edm m a 
p dae byte msc cand tn! tal 
‘Sinmun! cadit gr rera daa d 


15 Suave Preparation se suce e tst geonem- 
Manz sal e fre of excessive dust, paris, an] any ober 
Surface of geomembrancs may fe cleaned witha damp lah to 


1L. Pricedure 


1LI Ulric measurements in geomenbraes shall be 
conducted sing the pulse echo test metho. Tn this met 
Urasnie waves a Sent and receive trom one surface of 2 
lest spsimenusingone ovo tansduces A single transducer. 
full be use in the measutmeats of eomemnbrancs, 
ikea using tho ted aaagemeas, In both erangemen, the 
ronshcer shill he orthogonal t the est geamemane 
1121. Arrangement Ain ths areagement the transducer 
‘sembly i laced over the test seomembrane. The transducer 
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assembly conss of te ulisoni ramdicer d the sucer 
OH arl aou f vam tween he racer ani 
e yocer iy ens hr the Tons rn god conet wit 
to ar gap Then, epp wall smart o Caplan m de 
Sie o e jomenbvane at the orurenen Tate 
Pc the taser smi on e gonnembnae, ening 
iin fm cf coupan treo te sembly at he goon 
dfc zxampi, mo ir gs] wis he omer A srll Id 
fay be eranc auch oa top ofthe Vatehcer t 
rove gol costa wilh i peonembrne ud cwur tt 
"e tando perfec eng eestspecimen, Ths 
rage is roe in Fg 20. 


Tranaducer 


11.22 Arrangement Btn dis arrangement the wansducee 
sem Is paced below ihe tes geomembrane. Agply aman 
‘moun of coupanr between the transducer and the spacer i 
ensure that te two units af in go ontac With ao at ape. 
“Then, sly + small amount of souplnt on the top suce of 
"he spacer. Puce te sconembrne wer the space, avin 
"in Nino eoupany between the spacer and ve gecmemiane. 
[Ensure dat he geumentrane sn go comact for exanpe, 
so aie gaps) vith the tranducer assembly. THs oangement is 
qrscned in Fig. b do dis arangctent ao pressum. i 
‘plied o the geonembrsne. Prssurecan afe de liess 
fhe geupabras, whit eon afe dhe ave me ia the 


"o Becroni Eauipnent 


T Geomeribrane. 
Cogo | Ser 
te Becton Eqipmant 
pem 
^b) Arrangement 8 


po —Á 
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geriemvane. Ts rangement is applica when the unde: 
Sue ora geomenbrane access 


ia Tea Arangenett A. Tho tants luv plac pues ach a 
ters uns Use ese pes ada Tu ey eRe 
"asducer setups ca be Wo i Test Argent B these taps i 
‘tristan vates cedar cera dh inira The 
IH LIUM 
TRA Ca aa oe np 
iid et 

1123 V comparisons wit be made Between ulrasonic 
mesuremen, similar test srangements shall be used. iy 
peril she press oppi voa georembrane dung the 
"ronis est sal be he same fcr comparatine analyses 

TL2A The gain and frequency repone characters of 
the rcever shall be Kept constant within a test program and 
Between text rerum f comparisons wi he mae 


11.8 Subsequent to proper placement of the specimen an 
the vandcr temp, take  rnceuronent by nendig uid. 
receiving pulses in the peomembrane. Record De vel me. 
ise or eco the eoivod signal fr arr pricing v» 
"ctemine We travel tme andor amplitude of e wave, Take 
the average of a lend fen messtrments Gsofonmo fr 
"teminaton of ultasnic properties. Averaging reduces the 
"oie inthe measured Waverorms and allows for oliin; 
ow qualty'measurenens. An sample of 4 wavefom 
"ained o» an tct geomenbrane is sented in Fg 3 A 
Sianple ofa waveform obsit onthe sane type af gromcn- 
"rane witha defect on be undeside (tot vise from the op 
sire) is presenta in ip 

Ner $f esti die lw Frama rowing e 
P 


114 Mose the tance cnl (Te Aeragenent A) ur 
the specimen (Test Arringenent B) o Ue ex measrement 
oculos ad repe 11.1 — 113. Wipe a extn explant oet 
the surface of the test pocinens. 


12, Cakction 

121 Calin cabe made oder tonis wave 
telly’ and stent chante of pomentrnos 
ios passen an two ody titre proper 
«i omens (for example, ekncs) or cored i» 
eomenbanes (ior example. tene poenis. The mp 
fuderespone ox specimen can he quid i cme 
the condi of gcomembranc. Measurements can he i 
sing imc. oe quencydomai data The mcr sal be 
‘esposile for «decr the dta aac appmaches for te 
Inada we cf c uan texting program. 

122 Wine eei is cdeubued ui miel ne and 
socie fiche 

1221 Determine ie wel Une of vavehrme eing a 
timedoman pot Mesure Ve vd time witha precio t 


TRE peto ria neuere rnt 


least equal t OE s. Travel time mmy be deteried on 3 
medomain recon! of wavefonms wan the tme dilleence 
Teneo the peaks of the reflections from the bp and the 
orton surtace of » geomembrane (Fg. 3). Aherativehs the 
travel me nay be determined using the lotion, where the. 

ets deviate npnicamby fum ihe hweolne vales. 
Various cleronie devies, im parteulur small handheld 
deese, um «m up petite rel ine mentiri. 
momaically without a record of waveforas. The user stall 
andersand the metiod of ave me deterninatin n wit 
"ted setups, The same appmach shall be wed o determine 
wave rave times within à test program and between test 
Trograns if comparisons will te made, The hickaess ofthe 
"pecimen (pescernined nt Hy ting mechanical means) 
‘hal be aval witha precision atleast equal to 001 mm. 
Pressure applied to the specimens for mechanic thicness 
messurmcnt sul be similar te pressure apie the 
specimens in ultasonic tss 

1222 Cile the wave vencit as ows 


vein) m 


7. thickness of geomembrare, m. and 
1 Lob uel me 


123 Ateniatin is determined wing the amplitude of 
secconivo rollos bined iom. + timo domuum plo (fc. 
‘samp, Fig 5). Detemine aenuaton as follow: 


I E 
= (ma 


2089 (4/5. I 


‘wave Vebcity mis, 
time interval teeen two adiocent rections, s. 
E 


1 = amplitude of adjacent reflections, V. 
124 Ampltude-tased response of waveforms is further 

{uated using the area under a waveform ina time-domain 

Plot (or example, Fig 4) The ares calcu s folk 


ASATA ATH FAIA] 0) 


where: 
n "3 


[me diferece betwee successive points im the 
wovetomm x and 
pia oí poin in ne wanefom, V. 


125 Tite domain tnt onl re ovoid i oom 
domain data using Fourier tramform. A signal analys ora 
ita to frequency donum dat (or example, Fi. 6). The peak 
omplide oe aren ander he tonsdiened waveform «hill he 
determined to quani the frequency domain characteristics of 
tbe waveform 
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‘Transducer 


A iiid 


Geomembrane 


—— Incident wave 


> Wave Transmitted to the Geomembrane 
(Reflected from the bctom surface ofthe geomembrane) 


ite: Waves are actually normal to the interfaces, but are ilustrated at an angle for clarty 


" Top Suface Refection (R1) 
240 P d 


Bottom Surface Reflection (R2) 


Amplitude (mV) 
E E 


10 n 12 13 E 


Time (us) 
FIG Type Werne fora nat Geomembane. 
po — tmnt 


"Dg 
bud Additional 
Reflecions 
HE / 
$ 160 
& 
Po 
80 
EE] res tv adetiona rections 
^ 
o b a i a a a a a, 
10 m 2 3 E 


Time (ue) 
FIG. Typal Velo for Georentranewih a Dele on te Bot Surface 


126 Camparions tetween messed umor panmetes — I 
shall be made wing satintel wl Uno of Stone 
alui us en fud io be effective lor oviludine 
severe 


Keywords 
15:1 steeaton; geomembrane; mechanical waves: rende 
structive ultasonc, wave velocity 
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Transducer 


EZ 


Geomembrane 


— trciders wave 


+ Wwe Tiansmitted to the Geomembrane 
(Reflected frcm the bottom surface of the geomemibrane) 


Note: Waves are actually normal to te interfaces, Dut are stated at an ange for can. 


"Top Surface Rofiection (1) 


280 
" ue 19 atom Sufce 
on 0), 2° Bottom Surface 
E VIE 
& 
> 160 
i 120 
i. ^ hs 
so 
0 
1 n 09 1 1 1 1 
Time (us) 


FI. 5 Mutile Pectin i an nta Geonembrane 


po — 
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Top Surface Reflection (R1) 


Pd 


E 


3 


Bottom Surface Reflection (Ra) 


b 


Amplitude (mV). 
E 


120 H 
80 
40 
o 

0 — nu — n0 M 

Time (1s) 
Ld Top Surface Refection (R1) 

240 


Amplitude (mV) 
E 


im 
E tor Surf Refecton (o) 
^ 
L ? 9 Mu 13 15 
Frequency (MM) 


I. 6 Tne: a Frequency Domsn Response for en inact Geomembrane 
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